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ABSTRACT
Background and Aims Previous studies have found that in some countries ‘drinking pace’ (number of drinks consumed
per hour) increases during the course of an evening. We aimed to provide evidence of this acceleration from a culture in
which binge drinking is prevalent and to test whether this is consistent across gender, day of week and in high-risk
drinkers. Design Event-level data collected on Thursday, Friday and Saturday evenings over 5 consecutive weeks.
Setting TheNetherlands.Participants A total of 197 youngadult frequent drinkers (48.7%women,meanage=20.8).
Measurements High-risk drinking (assessed by theAlcohol Use Disorders Identification Test) and gender weremeasured
at baseline, and questionnaires were sent to participants’ smartphones every hour between 9 p.m. and 1 a.m. A total of
7185 questionnaires during 1589 evenings were used for the analyses. Findings Multi-level latent growth curve models
revealed an acceleration in drinking on days of the week tested [throughout all evenings; b = 0.430, standard error
(SE) = 0.045, P< 0.001], which stabilized as the evening progressed (b =0.072, SE = 0.008, P< 0.001). The temporal
pattern did not differ between the days or gender, but men started with a higher number of drinks at the beginning of the
evening (b = 0.465, SE = 0.099, P< 0.001). High-risk drinkingwas related tomore alcoholic drinks at the beginningof an
evening (b = 0.032, SE = 0.011, P = 0.003) and a steeper acceleration during the subsequent hours (b = 0.021,
SE = 0.009, P= 0.024). Conclusions Young adults in the Netherlands appear to show an increase in drinking pace dur-
ing the course of an evening’s drinking, with high-risk drinkers showing a greater increase.
Keywords Acceleration, alcohol use, binge drinking, event-level, weekend drinking, young adults.
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INTRODUCTION
Heavy drinking occurs most often at the weekend, when
individuals have no responsibilities the next day [1]. Con-
suming large amounts of alcohol in a short period of time,
also called binge drinking, can lead to substantial adverse
consequences such as accidents, injuries and unwanted
and unprotected sexual encounters [2].
Contemporary assessment techniques enable re-
searchers to gather event-level data, minimizing recall bias
and capturing consumption patterns over (short periods of)
time. Using such amethod, previous studies in Switzerland
revealed an acceleration of drinking during the course of
the evening; that is, an increasing number of alcoholic
drinks consumed per hour [3–5]. Moreover, the studies re-
vealed that this increasing drinking pace stabilized some-
what, i.e. there was a ceiling effect after about 11 p.m.
Differences were found according to gender; that is, men
increased their drinking rate more quickly than women,
and accelerated drinking occurred on Saturday evenings
rather than Thursday or Friday evenings.
The aim of the current study was to investigate
whether this acceleration of drinking is a robust phenome-
non and can also be found among frequent drinkers in a
country with a different drinking culture and alcohol pol-
icy. The Netherlands is one of the European countries with
a high prevalence of binge drinking [6] and which experi-
enced an increasing percentage of young adult (15+ years)
binge-drinkers between 2010 and 2016 [7]. Compared to
Switzerland, young adults aged between 15 and 19 years
show more heavy episodic drinking, while legal age limits
for beer and wine are 18 years in the Netherlands instead
of 16 years in Switzerland [7]. Given that heavy drinking
common in this country we expect that acceleration is also
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common, i.e. consistent across gender and days. We aimed
to test (1) whether there is an acceleration in the drinking
pace during the evening (i.e. an increase in the drinks con-
sumed per hour, similar to [3,4]); (2); whether there is a
ceiling effect; that is, a ‘stabilizing’ of the drinking pace
and an eventual decrease later in the evening (similar to
[3]); (3) whether any differences between drinking days
and gender can be found with respect to this acceleration
(similar to [4]) and (4) whether the acceleration during
the evenings is more pronounced among those with more
harmful drinking habits.
MATERIAL AND METHODS
Study design
Participants were recruited through (online) advertise-
ments via a University website (for a detailed description
of the study design, see [8,9]). Inclusion criteria were (1)
being aged between 18–25 years; (2) drinking alcohol at
least weekly; and (3) owning a smartphone with 3G inter-
net access. The Ecological Momentary Assessment (EMA)
data collection started on Thursdays following a baseline
assessment. Six e-mails, with alerts, were sent to partici-
pants’ smartphones (at 9 p.m., 10 p.m., 11 p.m., midnight,
1 a.m. and the next morning at 11 a.m.) every Thursday,
Friday and Saturday for 5 consecutive weeks. Each mes-
sage contained a link to a short online questionnaire.
Participants who successfully completed the baseline
assessment and at least 66% of the EMA questionnaires re-
ceived €50 (US$53) as an incentive. The Ethics Committee
of the Faculty of Social Sciences at Radboud University
(ECG2013–1308-117) approved the study, and all partici-
pants gave their informed consent. Data collection was
conducted between September 2013 and January 2014.
Sample and data selection
The original sample consisted of 202 participants and a to-
tal number of 18180 questionnaires were sent. Data
pertaining to five participants were excluded, as they had
completed less than one-third of all questionnaires. To en-
sure reliable data, incomplete questionnaires (n = 2081,
n 
n 
n 
n 
n 
n 
n 
Figure 1 Flow-chart Ecological Momentary Assessment (EMA) data
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11.7%) and questionnaires completed more than 1 hour
after distribution (n = 3608, 20.39%) were excluded from
the analyses. The median response time for completion of
the questionnaires was 7.31 minutes [standard deviation
(SD) = 13.65, interquartile range (IQR) = 15.28]. For the
growth curve analyses, evenings with no alcohol con-
sumption (n = 1235, 43.7%)were excluded. The final sam-
ple consisted of 197 participants (96 women, 48.7%,
medianage = 20.8, SD = 1.7) and 7185 assessments over
1589 evenings (see Fig. 1). The 2349 missing assessments
in the remaining data set (1589*6)–7185; 15.4%) were
taken into account by the full information maximum like-
lihood feature of Mplus statistical software. There were no
major differences in the number of missing or excluded
questionnaires between the days and gender. The missing
data did not correlate with the level of harmful drinking,
measured with the Alcohol Use Disorders Identification
Test (AUDIT [10], r = 0.056, P = 0.432), or the total
amount of alcohol consumed during the data collection pe-
riod (r =0.051, P = 0.480). Also, there were no correla-
tions between the excluded data and the AUDIT
(r = 0.019, P =0.796) or the total amount of
alcohol consumed during the data collection period
(r = –0.038, P = 0.600).
Measures
In the baseline questionnaire, participants were asked to
indicate their gender and to complete the AUDIT, our mea-
sure for harmful drinking habits [10]. For illustrative pur-
poses, we divided the AUDIT scores using a median split,
with the lower group scoring < 13 and the higher group
above 13. In the EMA questionnaires (see Fig. 2), alcohol
use was measured separately for each beverage type
(‘beer’, ‘wine’ and ‘strong liquor’) by means of the follow-
ing question: ‘Between [given hourly time-frame, e.g. 10–
11 p.m.], how many of the following drinks have you
had?’. Answer categories ranged from ‘0’ to ‘5 or more’
(coded as 5.5). The number of alcoholic drinks (i.e. beer,
wine, liquor) per time-frame was added to generate a total
alcohol consumption score for a given hour.
Figure 2 Prototype of the Ecological Momentary Assessment (EMA) questionnaire sent to participants’ mobile phones
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Statistical analyses
In multi-level latent growth curve models performed in
Mplus, the number of alcoholic drinks the participants indi-
cated at each hour during the evenings were used to esti-
mate (1) the intercept (i.e. the number of alcoholic drinks
consumed in the first hour, i.e. 8–9 p.m.); (2) the linear
slope (i.e. the change during the following hours); and (3)
the quadratic slope. The reason for adding the quadratic
slope was to provide evidence of a potential ceiling effect
or ‘stabilization’ and eventually decrease in drinking pace
later at night [3]. This model was first estimated for all eve-
nings together, followed by separate models for Thursdays,
Fridays and Saturdays, for men and women and for those
with more or less harmful drinking habits (AUDIT scores).
Subsequently, the differences between the days, gender
and harmful drinking habits were tested by regressing the
intercept and both the linear and quadratic slope on the
day (i.e. between level predictor, using two dummy vari-
ables), gender (i.e. a dichotomous within-level predictor)
and AUDIT (i.e. a continuous within-level predictor). The
exact Mplus syntaxes are provided in the Supporting
information.
RESULTS
Descriptives
The participants were mainly university students (85%)
and had average AUDIT scores of 12.79 (SD = 5.57). With
anAUDITcut-off score of 8 for hazardous drinking, only 31
individuals (15%) were non-problematic drinkers in our
sample [10].
For both men and women, the percentage of drinkers
increased considerably between 9 p.m. and 11 p.m. (see
Table 1). The median consumption during an evening
was 8.0 (IQR = 13.5), 8.0 (IQR = 11.5) and 8.0
(IQR = 11.0) drinks for men and 7.0 (IQR = 7.0), 5.0
(IQR = 6.0) and 4.5 (IQR = 7.05) drinks for women on
Thursday, Friday and Saturday evenings, respectively.
Drinking patterns during the course of the evening
The results from the latent growth curve models (see
Table 2) demonstrated that, in general, participants started
with approximately one drink on average between 8 and
9 p.m. (=intercept). Subsequently, they tended to increase
their number of drinks per hour by one-third of a drink
on average (linear slope). However, as indicated by the neg-
ative quadratic slope, this increase in drinking pace
‘stabilized’ as the evening progressed. These results were
the same on Thursday, Friday and Saturday evenings
(see Fig. 3a). Men and women showed basically the same
drinking pattern during the evening, except that men
started with approximately half a drink more between 8
and 9 p.m. (intercept difference) than women (see Fig. 3b).
Finally, a significant difference was found in the number of
drinks between 8 and 9 p.m. (intercept) and the linear
slope in relation to the AUDIT score (see Fig. 3c).
DISCUSSION
Aiming to provide evidence on an acceleration of drinking
pace during the evening among frequently drinking young
adults in the Netherlands, our results are consistent with
previous findings revealing such an acceleration, i.e. the
later the evening, themore alcoholwas consumed per hour
[4]. While this acceleration was previously only found on
Saturday evenings [4], our results show that this
Figure 3 Model-based estimates of number of alcoholic drinks consumed per hour across the evening, separate for (a) days, (b) gender, (c) Alcohol
Use Disorders Identification Test (AUDIT) (using a median split; AUDIT_below < 13, AUDIT_above > 13)
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acceleration is even more common in the Netherlands, as
it was present on all 3 days and for both men and
women. These results, therefore, provide evidence for the
robustness of this phenomenon of acceleration of (‘speeding
up’) drinking pace, particularly at the beginning of the eve-
ning. Additionally, we revealed that this acceleration was
more pronounced among those with more harmful
drinking habits.
An explanation for the more common acceleration
found in this study compared to previous studies could be
the inclusion of participants who consumed excessive
amounts of alcohol. Participants reported consuming on
average six drinks for women and nine drinks for men dur-
ing a drinking evening and an average baseline AUDIT
score of 12, which is far above the cut-off for hazardous
and harmful alcohol use [10]. This may be because our
sample largely consisted of university students among
whom heavy drinking is highly prevalent, whereas the pre-
vious studies also included participants from other educa-
tional settings [3–5]. However, the presence of
acceleration in drinking pace throughout all 3 days and
gender groups could also be related to the Dutch drinking
culture, in which binge drinking is common. Indeed, we
found a more pronounced acceleration among those with
more harmful drinking habits (as expressed by higher
AUDIT scores). However, as there were only a few non-
problematic drinkers in our sample, we cannot draw
conclusions about the general and mostly moderate drink-
ing population. Future research should use a more diverse
sample including individuals not only in terms of drinking
habits, but also with lower education, different age groups
and from different countries.
In addition, both a linear increase and a stabilization
later in the evening was found on each of the 3 days in-
cluded (see Fig. 3a). This finding is surprising, given that,
in the literature, heavy drinking tends to occur on Friday
and Saturday evenings rather than on Thursdays [1].
However, we included Thursdays as it is a popular night
to go out for (heavily drinking) students in the
Netherlands, and indeed found no significant difference be-
tween the days.
A major strength of this study is the large amount of
event-level information we collected in participants’ natu-
ral environments. A limitation concerns the self-reports,
which may be inaccurate, particularly later in the eve-
ning when participants are becoming increasingly tired
or intoxicated. The use of transdermal alcohol monitors
may be a promising way to overcome this limitation in
future research. Moreover, as alcohol use rarely occurs
in isolation, the drinking pace is likely to be affected by
characteristics of the social and physical environment
[5,11]. In this study, we focused on the consistency of this
acceleration in drinking pace and the relation to heavy
drinking habits.
CONCLUSIONS
This study provides evidence that frequently drinking
young adults in the Netherlands tend to accelerate their al-
cohol consumption on evenings at the end of the week, i.e.
consume more and more drinks per hour, and indicates
that this is consistent across gender and days. Additionally,
we provide evidence that this tendency is even more pro-
nounced for those with harmful drinking habits. From a
public health perspective, raising awareness of this acceler-
ation appears promising to reduce heavy drinking among
young adults, especially among more heavy and harmful
drinkers. This is urgently needed, given that, with amedian
consumption of six drinks among women and eight drinks
among men, the current sample largely exceeds binge
drinking thresholds when consuming alcohol on any given
evening and are thus at risk of experiencing substantial ad-
verse consequences [2].
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